ndurance horses compete over distances ranging from 40 to 160 km in a 24-hour period.
Although most horses are eliminated before substantial injury occurs, some individuals require emergency medical treatment at the competition or even referral to a medical center. 11 A few studies 5, 7, 12 have examined some of the clinical and biochemical characteristics of eliminated horses, but they have typically focused on a single event or examination variable (ie, body condition score). To our knowledge, there have not been any large scale studies including data from multiple rides to identify risk factors for endurance horse failure during competition. Understanding such factors could help improve the completion rate in the sport and prevent the morbidity and even occasional deaths associated with competition.
During all sanctioned endurance rides (American Endurance Ride Conference is the primary sanctioning organization), a rider card is used to track information about the horse from the start to the end of the competition. 13 The rider card contains baseline information on
Risk factors for the elimination of endurance horses from competition each horse and rider combination, such as the horse' s age and breed and the rider' s weight division. In addition, each card tracks physical examination variables of the horse recorded at a precompetition examination and veterinary gates throughout the ride (typically every 15 to 25 km). 13 Some of the examination variables that are typically measured include heart rate, CRI, capillary refill time, and lameness scoring. 6, 13, 14 Results of these examinations throughout the ride are used to determine whether the horse is allowed to continue or should be eliminated.
Endurance horses are typically eliminated for 1 of 3 reasons. First, lameness elimination occurs when a horse has a consistent lameness while trotting in a straight line. 15 Second, metabolic elimination occurs when a horse fails to meet or exceeds certain criteria (ie, too high of a heart rate) or has signs of inability to continue because of a medical problem. 15 Common conditions requiring elimination have been previously described but include heat exhaustion, colic, synchronous diaphragmatic flutter, and exertional rhabdomyolysis. 2, 11 Third, horses can be eliminated for other reasons, including overtime (failure to reach a veterinary gate by a certain time point during the ride) and a rider option in which a competitor may elect to be removed from the event because of a rider injury or other undisclosed reasons.
There is a vast amount of physiologic data collected during endurance rides that could lend considerable insight into understanding long-distance exercise in horses. The purpose of the study reported here was to analyze the information obtained from a large number of endurance horses during a ride season and describe the observations throughout competition. An additional objective was to identify risk factors that may be associated with elimination from competition for a specific reason (lameness or metabolic). Our hypothesis was that specific horse, rider, or competition variables are associated with increased risk for elimination.
Materials and Methods
In the ride year of 2007 (January 1 to December 31), there were 22,956 ride starts. Prior to each ride, an electronic message was sent to the ride organizer requesting the ride card (a record of the veterinary examinations) for each horse at that ride. The cards could be submitted as either the original veterinary cards or as copies of this document. Records were used from rides only when all horses could be included (ie, rides for which just a few cards were submitted were not included). A total of 3,493 veterinary records met this criteria and were entered into the database. This included 14,490 veterinary examinations, with each horse having an examination prior to the ride, multiple examinations during the ride, and an examination at completion.
The following information was recorded for each horse and rider combination: rider' s name; horse' s name, age, breed, and sex; previous limited distance miles completed by horse (rides that were typically < 50 km), previous long distance miles completed by horse (rides that were typically > 80 km), and length of current ride; weight division of rider (junior, featherweight, lightweight, middleweight, or heavyweight); whether the horse completed the current ride and reason for elimination if any from the current ride (metabolic, lameness, or other); for the horse, pulse rate on arrival at the check, CRI, and the other standard physical examination variables (mucous membranes, capillary refill time, jugular vein refill time [taken by briefly occluding the jugular vein and observing the time it takes to refill], skin tenting, gastrointestinal sounds, anal tone, muscle tone, back or withers abnormalities, tack galls, wounds, gait, impulsion, attitude, and overall impression); and any additional notes. The CRI was determined by obtaining an initial heart rate, trotting the horse a distance of 30 m away and back (60 m total), and then obtaining a second heart rate 1 minute after obtaining the initial heart rate. 6 When information was not available for the age, breed, sex, previous miles completed, weight division, or placing for a horse, the American Endurance Ride Conference website database was consulted for the records for that horse. 16 The information obtained was entered into a computerized database, a and each horse was assigned a unique identification number. The primary outcome variable was elimination from the ride (or failure to complete). Additionally, reason for failure was evaluated in 2 of the specific elimination subcategories: lameness and metabolic. All physical examination variables were classified as normal or abnormal on the basis of a referent value. If a physical examination variable was not recorded, the variable was assigned a value of not recorded. The variable CRI was transformed into normal or abnormal by use of a 4-beat criterion whereby a rise in heart rate of > 4 beats/min during CRI testing was classified as abnormal. Because of the variable length of the rides, examination variables were separated into preride values, values obtained during the first half of competition, and values obtained during the second half of competition.
Statistical analysis-Data were initially entered into a spreadsheet a and then analyzed by use of a statistical software package.
b Continuous data were summarized as means ± SDs. Univariate analysis was performed to evaluate the relationship between clinical and demographic variables and the outcomes of overall elimination, metabolic elimination, or lameness elimination. For each elimination outcome, 3 sets of data were included for analysis: data obtained prior to the start of the ride, data obtained during the first half of the ride, and data obtained during the second half of the ride. This created a total of 9 analyses. Logistic regression with robust variance estimation was used to account for the lack of independence of horses with repeated entries in different races, still assuming that horses are independent of each other. 17 Multivariate logistic models were then developed for evaluating the independent association between variables and elimination category. Variables with a univariate association (P < 0.25) were included in the initial multivariate models, and the final models were created on the basis of evidence of statistical association (P < 0.05). Variables with values of P < 0.15 were considered in the final model if they were deemed justifiable on the basis of medical knowledge of the association.
Results
The overall elimination proportion for the number of starts in the study was 18.9% (660/3,493), which is slightly higher than that observed for the entire 2007 ride year (14.5%). 16 Metabolic causes were listed as the reason for elimination for 147 horses, and lameness causes were listed for 312 horses. The remaining eliminations were categorized as other and consisted of reasons that included overtime, rider injury, and riderelected elimination.
The mean age of the horses entered in this study was 10.7 ± 3.8 years. A total of 2,773 horse starts had breed information available, and they were listed as 1, Previous endurance miles completed was recorded for 3,152 horse starts with a mean limited distance mileage (rides < 50 miles) of 118 ± 207 miles (median, 55 miles; range, 0 to 4,240 miles) and a mean longdistance mileage (rides ≥ 50 miles) of 683 ± 1,060 miles (median, 305 miles; range, 0 to 18,470 miles). The mean length of the ride included in this study was 48 ± 22 miles (median, 50 miles) and ranged from 25 to 100 miles. Rider division was recorded for 2,465 horse starts, and there were 112 junior riders, 847 featherweight riders, 592 lightweight riders, 532 middleweight riders, and 382 heavyweight riders.
The mean heart rate at the preride examination was 43 ± 7 beats/min. The mean heart rate during the first half of the ride was 54 ± 16 beats/min. The mean heart rate during the second half of the ride was 55 ± 17 beats/min.
A total of 549 veterinary checkpoint notations were made regarding a lameness in a specific limb (not all of these horses were necessarily eliminated). These were often notes as indications to individuals at the next veterinary gate to pay close attention to a particular limb (eg, "check right front"). The left forelimb was indicated in 169 notations, the right forelimb in 222 notations, the left hind limb in 73 notations, and the right hind limb in 85 notations. A heart murmur or arrhythmia was noted for 20 of the veterinary checkpoints included in the study, and the observation of synchronous diaphragmatic flutter was noted for 10 horse starts.
Based on information obtained prior to the start of the ride, independent associations were found for distance, division, breed, and examination variables with the overall elimination category ( Table 1) . Length of the ride (per mile) was associated with an increased risk (odds ratio, 1.03) of overall elimination, indicating that the longer rides are associated with a higher failure rate (each mile increase in ride length was associated with an increased risk of overall elimination). The heavyweight division was associated with increased risk of overall elimination, compared with the lightweight division. Both Tennessee Walking Horses and Appaloosas had an increased risk of overall elimination, compared with Arabians. When the attitude of the horse during physical examination was not recorded, this was also associated with increased risk of overall elimination.
Prior to the start of the ride, independent associations were also found for distance, age, breed, and an examination variable with the metabolic elimination category ( Table 1) . As described for overall elimination, length of ride (per mile) was also associated with increased risk of metabolic elimination. A number of breeds, including Appaloosas, Missouri Fox Trotters, Tennessee Walking Horses, Quarter Horses, and Thoroughbreds, were all considered to be at higher risk for metabolic elimination, compared with Arabians. The examination variable of overall impression was also significantly associated with metabolic elimination.
Prior to the start of the ride, independent associations were also found for distance, breed, and an examination variable with the lameness elimination category ( Table 1) . As described for overall elimination and metabolic elimination, length of ride (per mile) was also associated with increased risk of lameness elimination. Whereas Quarter Horses were at higher risk for lameness elimination, compared with Arabians, both Arabian crossbred horses and grade horses were at lower risk for lameness elimination. When the examination variable for attitude was not recorded, there was an increased risk for lameness elimination.
Based on information obtained during the first half of the ride, independent associations were found for heart rate and examination variables with the overall elimination category (Table 2) . Each beat per minute increase in heart rate was associated with an increased risk of overall elimination (odds ratio, 1.04). Abnormalities in the overall impression of the horse recorded by the examining veterinarian were associated with increased risk of overall elimination. When values for gait and jugular vein refill time were not recorded, there was an increased risk for overall elimination.
During the first half of the ride, independent associations were also found for heart rate and examination variables with the metabolic elimination category ( Table 2 ). Each beat per minute increase in heart rate was associated with an increased risk of metabolic elimination (odds ratio, 1.10). Abnormal gastrointestinal sounds and an increase CRI were also associated with increased risk of metabolic elimination. When values for overall impression and jugular vein refill time were not recorded, there was an increased risk for metabolic elimination. During the first half of the ride, independent associations were also found for examination variables with the lameness elimination category (Table 2) . Overall impression and signs of pain over the back or withers were variables associated with increased risk of lameness elimination. When gait was not recorded, this was also associated with risk of lameness elimination.
Based on information obtained during the second half of the ride, independent associations were found for heart rate and examination variables with the overall elimination category (Table 3) . As with data from the first half of the ride, increases in heart rate on a beats per minute basis were associated with increased risk of overall elimination. Abnormalities of capillary refill time and CRI in the second half of the ride were identified with an increased risk of overall elimination. When the CRI and jugular vein refill time variables were not recorded, this was also associated with increased risk of overall elimination.
During the second half of the ride, independent associations were also found for examination variables with the metabolic elimination category (Table 3 ). Increases in heart rate and CRI were associated with increased risk of metabolic elimination. When jugular vein refill time was not recorded, there was also an associated risk of metabolic elimination.
Lastly, during the second half of the ride, independent associations were also found for examination variables with the lameness elimination category ( Table 3 ). The only 2 factors associated with lameness elimination were abnormalities of gait or when the gait variable was not recorded.
Discussion
This study represents the first large multiride analysis of the risk factors for elimination in competitive endurance horses. The information obtained may be useful in identifying horses and riders that may be at increased risk of failure and hopefully prevent some of the associated morbidity seen in the sport. The study identifies examination variables that may be useful in determining horses that will develop medical problems later in the ride. This information may allow riders to modify racing strategies and improve outcomes.
In the study reported here, some breeds were associated with an increased risk of elimination, compared with that of purebred Arabians (Table 1) . Previous studies 18, 19 have found physiologic differences between Arabians and other breeds during race training. However, clinical data from endurance competition have not been previously evaluated to identify breeds at risk. Breeds that typically have a higher body mass index (Appaloosas and Quarter Horses) appeared to have been at increased risk for failure in all elimination categories in the present study. Interestingly, Arabian crossbred horses appeared to be at lower risk for lameness elimination, compared with purebred Arabians. This association may be related to the benefits of combining breed characteristics, but could also be related to the rider selection of horses. Specifically, aggressive competitors may be more likely to choose purebred Arabians because of their perceived speed, making their horses more likely to develop a lameness problem during the ride.
The overall ride distance was associated with increased risk of elimination, and previous studies 5, 12, 16, 20 evaluating longer rides have noted higher elimination proportions, compared with the overall rate for 2007 rides reported for the present study. Age of the horse was associated with metabolic elimination from the ride, and specifically, horses > 6 years of age appeared to be at increased risk, compared with younger horses. This may be related to a more conservative racing strategy in younger horses. However, it is interesting to note See Tables 1 and 2 for key. that minimum age limits are set for competition on the basis of the perception that younger horses may be at greater risk for problems during competition. 21 An important finding in the present study was the importance of physical examination variables prior to the start of competition (and during the ride) in identifying horses that may be at risk for elimination. Specifically, abnormalities in capillary refill time, overall impression by the veterinarian, and gastrointestinal sounds were all associated with failure during the ride. Veterinarians should pay particular attention to horses with abnormalities in these categories prior to the start of competition.
Abnormalities in gait prior to the start of the ride were not identified as a risk factor for lameness elimination (or other type of elimination). This finding is of particular interest as horses are not allowed to begin the ride if they have a lameness that is perceived as a grade III/V or higher on the American Association of Equine Practitioner' s Lameness Scale. 15 Results from the present study might suggest that more-restrictive lameness criteria at the start of the ride would be unlikely to prevent additional eliminations because of lameness.
A number of physical examination variables during the first half of competition were associated with increased risk of elimination ( Table 2 ). The importance of heart rate and CRI has been emphasized previously. 5, 6 Findings in the present study support the conclusion that increases in heart rate during competition are associated with increased risk of metabolic failure. The present study was not designed to identify specific heart rate criteria for removing horses from competition, but it is possible that stricter criteria could help prevent some of the morbidity at the rides. Cardiac recovery index has undergone previous evaluation 6 ; findings of the present study affirm its importance in identifying horses with potential metabolic failure. Similar to the start of the ride, the importance of abnormal gastrointestinal sounds was again identified as a risk factor for metabolic elimination.
Unlike the start of the ride, abnormalities in gait were associated with increased risk for lameness elimination; this result was expected, but the association was not strong. Lameness elimination also appeared to be influenced by signs of pain along the back of the horse.
The results from data analysis obtained from the second half of the ride were similar to results of the first half. Abnormalities in heart rate, CRI, and gastrointestinal sounds all played a role in identifying horses that would later be eliminated. Capillary refill time appeared to have a particularly strong association in the second half of competition. Gait abnormalities were associated with lameness elimination as observed with data from the first half of the ride.
Odds of elimination in most of the models was associated with the lack of recording (ie, not recorded) for some variables. The reason for this association is not entirely clear, although it is persistent throughout the models and at times has a strong association. A possible explanation may be that veterinarians are reluctant to record a score for an ambiguous or negative result. For example, data fields on a race card for a horse that may not have a completely normal jugular vein refill time may be unintentionally left blank because the veterinarian is hesitant to give a lower than perfect score. Regardless of the reason for the lack of recording, there seems to be a clear association between some blank scores and later elimination from the competition.
The presence of abnormal gastrointestinal sounds was repeatedly identified as a risk factor whether at the start or during the ride. Changes in this variable may be related to decreased perfusion of the gastrointestinal system as a result of hypovolemia or dehydration. However, it is also possible that abnormal gastrointestinal sounds simply reflect the fact that horses were not eating normally during the ride and therefore are at greater risk for ileus and other gastrointestinal complications.
In conclusion, this study represents a step forward in the understanding of the factors that are associated with elimination from competition in endurance horses. Specifically, a number of breed predilections are evident and should be considered when looking for horses to enter into endurance competition. Abnormalities of heart rate-associated variables and gastrointestinal sounds appeared to be consistently identified as risk factors for elimination throughout competition. 
